Introduction
Solutions of electromagnetic scattering problems involving 3D planar ( lems, the need to solve larger problems with limited computational resources recently sparked the successful development of numerous new fast solvers [4-lo] . However, no method can be expected to solve all classes of problems. For instance, the iterative solvers [4-61, which are perfectly suited for large problems, perform poorly for nearresonant structures. Some techniques are limited to 2D geometries [7, 8] , whereas some others are limited homogeneous-medium problems [9, 10] . Development of a new noniterative method and its application to planar geometries in homogeneous media will be presented in this paper. The method can easily and naturally be extended to the cases of quasi-planar structures and/or layered-media problems as will be discussed in Section 5. The FDA/SDIP takes advantage of the fact that the induced currents (i.e., basis and testing functions) on planar and quasi-planar geometries interact with each other within a very limited solid angle. Thus, all the degrees of freedom that are required to solve a "truly 3D" lgeometry are not required for a planar or a quasi-planar geometry, and this situation can be exploited to develop efficient solution algorithms. The FDA/SDP achieves its efficiency by essentially converting a 3D planar geometry to a "quasi-2D" geometry and then employing a fast 2D solver to efficiently solve this resulting "quasi-2D" problem (Fig. 2) . Assuming that the planar geometry is placed on the x-y plane,
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Figure 2: Perceiving a 3D planar object as a quasi-2D geometry.
tangential components of the electric field on the same plane are given by where p = iz -t gy and p' are arbitrary position vectors on the x-y plane, dp' = dz'dy', and 0; = ea,, + $ay,. In the above, g(p, p') is the 3D scalar Green's function restricted to the in-plane interactions and can be expressed in terms of the 2D Green's function using the identity [ll]
Equation (3) is obtained by deforming the path of integration in Eq. (2) to the steepest descent path (SlDP), where the integrand is rapidly decaying. The SDP integral in Eq. (3) can be numerically evaluated by sampling the integrand at a set of appropriately chosen points sm with associated weights wm:
Thus, the 3D Green's function for this problem can be expressed as a sum of several 2D
Green's functions. At this point, the problem can be solved using any 2D solver that has less than O ( N 3 ) computational complexity such as the RTMA [9], the RATMA [lo], or the NEPAI, !12]. In this work, the RATMA will be used to solve the "qiiasi-2n" problem. 65
Let Dmin and D, , , denote the smallest feature size and the largest dimension, respectively, of the "quasi-2D" problem such that the two may be different by several orders of magnitude. In order to solve the "quasi-2D" problem using the RATMA, the integrals
have to be evaluated by sampling their integrands at the same set of points s, to obtain the same accuracy for all of the integrals. Although the decay rates of the integrands can be very different as depicted in Fig. 3(a) , an integration rule can be developed such that all of the above integrals can be computed using the same set of sampling points. The number of sampling points can be bounded by O(1og (Dmaz/Dmin)). 
Extensions
The FDA/SDP can be extended from planar to quasi-planar structures, as shown in Fig. 4(a) , where the geometry is not strictly planar, however, the size of the geometry in one dimension is much smaller than the other two dimensions. Furthermore, extension from homogeneous-media problems to layered-media problems [ Fig. 4(b) ] is also straightforward since the spectral-domain representation of the Green's function in Eq. (2) exists for layered media.
